ABSTRACT.-A plea is made for routine use of X-rays in antenatal work.
FOR many years before the introduction of X-rays, attempts were made to estimate the size of the feetal head relative to that of the maternal pelvis. All who have done antenatal work are aware of the limitations of the usual clinical methods.
In about 10% of cases it is difficult, and in 5% impossible, to decide with certainty whether a foetal head will pass safely through the pelvic brim. In no case is it possible to estimate foetal maturity within three weeks by palpalpation alone. Reliance must be placed on dates which are frequently untrustworthy. The results of this uncertainty are reflected in the immature babies born after unnecessarily early inductions, in grossly over-mature babies of 12 lb. and over, in the physical and mental sufferings of patients, and in the costly, irritating waiting of nurses in cases where the dates have proved widely inaccurate.
It is suggested that antenatal work without the routine use of X-rays is no more justifiable than would be the treatment of fractures. In this country, to-day, skiagrams are taken of every trivial injury for fear of a charge of neglect. In midwifery the immense possibilities of X-rays are ignored to such an extent that the head of a large antenatal clinic was heard to boast that no such examination had been made for his clinic for years! Why is this? The answer is simple: obstetricians and radiologists have not collaborated sufficiently, and the information obtained from skiagrams has not been thought sufficiently helpful to justify the trouble and expense involved. In most clinics, it is true, skiagrams are now used in special cases to get a rough idea of the relative sizes, and in a few, exact pelvimetry is carried out, but usually no attempt is made to arrive at exact figures with regard to the foetal head. It has been said that to obtain measurements, of any value, of the foetal head is impossible because of the number of varying and incalculable factors. It is claimed that this is not so, and it is the object of this paper to show that it is possible for any trained nurse, radiographer, or doctor, who can recognize a fcetal head by palpation, to determine the actual diameters of the fcetal head and from these figures to estimate fcetal maturity.
If this claim proves to be justifiable, then the whole outlook on the use of skiagrams changes, for even exact pelvimetry is almost meaningless without exact cephalometry.
The work of Thoms in America and of Roberts, Rowden, and others in this country has placed X-ray pelvimetry on an exact basis but, unfortunately, most of these methods require high-powered plant and the tendency is in the direction of increasing complication in search of meticulous accuracy. This has resulted in delay in their adoption and there has been no such general increase in the use of X-ray pelvimetry as might have been expected. Undoubtedly one or other of these exact methods will one day be in universal use, but is accuracy to one tenth of an inch of such vital importance clinically, that while waiting for thousands of pounds to be spent on plant, patients must be deprived of the help of X-rays ? There is no doubt that once the clinician realizes what can be done, the general demand will bring refinements of technique quickly enough. The method of pelvimetry mentioned later will serve its purpose if its simplicity introduces users of cottage-hospital sets to this valuable work and so to other and better methods. It seems certain that in time students will be taught to recognize pelvic abnormalities clinically and then to see them in skiagrams and that cephalometry will be carried out in all cases. What justification can there be for " trial labour " when X-rays could show that failure Section of Obstetrics and Gyncecology
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The shadow may be circular or oval but if it be circular it is the shadow cast by the outline of the greatest circular section or if it be the oval then the short axis of the oval must represent some diameter of this section.
In fig. 1 is shown a model of a faetal skull in profile, in plan, and in coronal section through the parietal eminences. The facial bones, being still in cartilage, do not show in a skiagram and the model is shown correspondingly deficient in profile.
Here is the ovoid and here may be seen the all important "greatest circular section." It is true that it is not an exact circle but, where necessary, this can be allowed for. The unquestionable fact remains that the shadow cast by the head may be circular or oval, but if it be circular it is the shadow cast by the circumference of the coronal section, and if oval then the short axis of the oval must represent some diameter of the coronal section. must be recognized that an error of 1 in. either way will affect the result by at most 0 15 in. and in practice very little error appears. The distance T P is measured from the tube to the nearest part of the head that can be palpated. The factor P H is added after consideration of the size and type of shadow. It will usually be about 2 in. but may vary from 1i to 3 in. The figures below show some common positions of the head and the shadows which result. They show how, apart from the size of of the head, the distance P H may vary, but they also show how the amount to be allowed can be calculated. Each type of shadow shown can be caused only by the corresponding position of the head.
If the head be near full term: In fig. 1 . H is at the level of the parietal eminences and will be about 2 in. from the base of skull (the point palpated would be about the mastoid). In fig. 2 In fig. 3 . In one case the sinciput and in the other the occiput is felt. P H would be about 3 in. and 2 in. respectively. Which position of the head was present can be settled clinically or by the skiagram.
In the case of all oval shadows P H may be taken as 2 in. It will be seen, therefore, that if P H were taken as 2 in. in all cases near term very little error would result. The allowance should be reduced in proportion when the head is obviously smaller, remembering that the bi-parietal diameter at thirtytwo weeks is 3 in. If a high degrce of accuracy is aimed at, the size and shape of shadows should be considered, and the error in P H should be below i in., which in the final result represents only 0 07 in. The tube is centred over the point palpated, and the measurement T P is made to this point by means of a telescopic measuring rod attached to the tube. This is easier and more accurate than using a tape. Allowance is made for the thickness of the abdominal wall. In cases of difficulty the head level may be compared with the level of the symphysis pubis, and measurement made to the latter with the appropriate adjustment.
The measurement T P is recorded and the exposure made. After development the short axis of the shadow is measured, using for convenience a ruler graduated in tenths of an inch. After consideration of the size and shape of the shadow, the factor P H is added to T P. In the first instance it may be taken as 2 in. Reference is then made to the table, and the answer is at once read off. Interpretation of the result.-If the coronal section were a true circle, the result would in all cases represent a diameter, and would need no adjustment. Unfortunately, the sub-occipito-vertical diameter is, at term, 025 in. less than the bi-parietal, and it becomes necessary to identify the diameter concerned in the shadow, and in some cases to make additions to bring the result up to the bi-parietal diameter. As a rule the shadows are not equivocal and the correct addition is easy to gauge:
(1) In the plan shadow (see fig. 7 , in Appenaix) the short axis is clearly the full bi-parietal diameter.
(2) In the true lateral (evidenced by the lines of the orbital plates being superimposed) the short axis is clearly the sub-occipito-vertical. Here, near term, 025 in. must be added. As a check, the sub-occipito-bregmatic diameter may be measured, for the fontanelle is clearly seen.
(3) Long oval shadows vary between lateral and plan views, and here the gradation is usually clear. For instance, as the lateral view becomes impure the lines of the orbital plates separate and then disappear and first one and then both parietal eminences appear. Thus, near term, the addition necessary to bring the calculated diameter up to the full bi-parietal diameter will vary from 025 in the pure lateral view to nil in the plan view. When the head is smaller the addition will vary in proportion.
Circuzlar and nearly circular shapes.-Here a difficulty arises in deciding what the short axis, if any, represents. If the shadow be almost exactly circular then the diameter is definitely equal to the bi-parietal. If there be a short axis it may be the sub-occipito-vertical or the bi-parietal itself. The decision as to which can be made by observing at what point the shadow of the spine joins the head shadow. This fixes the sub-occipital region.
If the long axis ends where the spine joins, then the short axis represents the bi-parietal diameter.
If the short axis ends where the spine joins, then this axis may represent:-(a) The true sub-occipito-vertical. In this case the spine shadow ends sharply at the head shadow, or (b) some length between the sub-occipito-vertical and the bi-parietal. This is indicated by the spine shadow entering the head shadow a short distance. (This can be seen only in clear films.) It is again stressed that the short axis cannot be more than the bi-parietal or less than the sub-occipito-vertical.
The finer adjustments are a matter of practice and familiarity with the shadows but if the shadow shapes are considered at all it is almost impossible to make an error from this cause exceeding 0O15 in. After a brief study of films the shadow types will easily be recognized.
The method is equally applicable to twins and breech presentations, though a preliminary film may be necessary to identify the head with certainty.
CALCULATION OF FETAL MATURITY.
This is the most interesting and valuable development that has arisen out of the method. It has been shown by Calkin that the diameters of the head are proportional to the length of the fcetus. Calculating from tables of age for length, it was found that at 32 weeks the bi-parietal diameter = 3 in.
,, 36
,, ,
= 3,75 in.
These are, of course, average figures, but comparatively few babies depart widely from the average rate of growth, and the great majority are born with a bi-parietal diameter very near 3 75 in. It will be noticed that in the table the bi-parietal diameter increases almost exactly xXt in. each week during the last eight weeks and for purposes of calculating maturity this increase may be taken as exact. Thus, if by X-ray calculation, the bi-parietal diameter measures 3-5 in. it may be said that in two and a half weeks it will measure 3-75 in., i.e. that if the baby is to be born of average size it will have reached full term. The coincidence of the steady increase of xX in. each week is so convenient as to arouse scepticism, but repeatedly, in dealing with small head shadows, the date forecast in this way agreed with the period calculation and with the actual event with an exactness that was entirely unexpected.
Weight of fcetus.-It is not possible to predict the weight of a baby from these figures with any precision, because weight is not proportional to size of head-e.g. a baby may be small-boned, but very fat, or vice versa. Post-maturity commonly goes with excess of fat, and if the X-ray date and period date agree, but delivery does not take place until appreciably later, then the head will be larger than normal and weight will be full or excessive according to the degree of post-maturity.
Accuracy of the method.-It is obvious that the value of this method of forecasting maturity depends on the accuracy of the head measurement.
It may be of interest to record that this method of X-ray cephalometry and calculation of foetal maturity was worked out to act as a safeguard against prematurity in an investigation into induction of labour by rupture of membranes.
During the past two and a half years over 100 cases of induced-and many of spontaneous-labour, have verified the predicted measurements, with a maximum error of 0-2 in. Measurements were taken soon after labour, or later, if moulding were present. Induction was carried out in some cases three, four, or five weeks before full term as calculated by the period. In no case was the calculation seriously at fault nor, with one exception, has any baby died since birth. The exception justified the method, for owing to absence, induction was not performed until a fortnight after the date selected. Clinically it was held in this case that the head would pass the brim, and in fact it did so, but as a very tight occipitoposterior. A 7a-lb. baby was extracted with difficulty, after rotation, and survived only forty-eight hours. In this case there was no justification clinically, but every justification from the X-ray findings, for an earlier induction.
In two consecutive cases the X-ray date for full term differed from the period date by over four weeks and although the period date was supported by quickening (as remembered) and by the size of the uterus, in both cases the X-ray prediction was dramatically justified.
It was only as the investigation proceeded that the full possibilities of the method became evident, and the comfort, in practice, of the information gained has to be experienced to be believed. Many minor theoretical objections to the method may be raised, such as, for instance, the fact that tangents drawn from the ends of a diameter of a circle could never meet at a point (the tube in this case) and again that in calculating the P H factor one assumes to some extent the maturity one sets out to determine, but in both cases the error involved is negligible, and the hard fact remains that for over two and a half years it has worked in practice and, moreover, almost as well in its first rough conception as in its present more elaborate form. (fig. 6 ). The result of this calculation is likely to be slightly on the low side, especially when the tilt, as can at once be seen, is not very well corrected. If with a very flexible spine, Rowden's test shows the pelvic tilt to have been almost entirely corrected, caution must be exercised and the correction factor reduced to 3 in. or 2 in. There is no difficulty about this, for the obliteration of more of the obturator foramina, as the tilt is corrected, is very clearly seen. In the tilted position the transverse diameter lies about 2 in. below the upper margin of the symphysis and if 2 in. be added to T P the result will be quite accurate.
The method in practice.-With a focus film distance of 30 in. the tube is centred over the symphysis and the distance T P is nmeasured. The tube is then moved 2 in. towards the patient's head and the exposure made. The projection of the true conjugate is then measured on the film and the formula applied (actually the result is read off the table Di8cu88ion.-Dr. R. E. ROBERTS: Dr. Reece's paper opens up for discussion two very important questions, clear answers to which will be of considerable help both to obstetricians and radiologists. The first question is " How far can radiology be relied on to estimate the diameters of the maternal pelvis and of the foetal skull? " If it can be shown that radiological pelvimetry and cephalometry are reliable, the next question which arises is " How far are such measurements of clinical value to the obstetrician, with special reference to the estimation of the maturity or period of gestation of the fcetus, and in diagnosing the presence, or otherwise, of disproportion ? " The best known and simplest methods of radiological pelvimetry (amongst many others) are probably those of Thoms, Rowden, and Roberts. In each of these great care is taken to posture the patient so that the pelvic brim is parallel to the film, and to arrange the X-ray tube so that the central ray passes through the centre of the brim, and at right angles to it and the film. In the resultant radiograph the brim is seen as a slightly enlarged, but true and undistorted, representation in which all the diameters are enlarged uniformly. From the film image of the brim so produced, different methods are employed by these three workers in estimating the true diameters of the brim, but in all of them the result can be regarded as extremely accurate.
Admittedly, especially in the case of advanced pregnancy, efficient apparatus is required for the production of a readable picture, and for this reason Dr. Reece's plea for the early radiological pelvimetry of patients rather than in the later months of pregnancy, is to be endorsed. But even with the largest of patients it should not be impossible to supply the information required with apparatus of the standard of efficiency supplied by most firms nowadays. The plea that the older and more accurate methods of pelvimetry are not applicable with the presumaby inefficient type of apparatus which Dr. Reece describes as " any cottage-hospital X-ray set," is not, in my opinion, sufficient justification for introducing a further pelvimetric method, such as that which Dr. Reece has this evening described, which cannot be regarded as either reliable or accurate. The absence of a definite standard position of the pelvic brim in relation to the X-ray film must inevitably lead to errors in the result. The adoption of such a method, merely on the plea that it can be performed by " any cottage-hospital X-ray set" will tend to bring the science of X-ray pelvimetry, at present an exact one, into disrepute, and cannot therefore be encouraged.
Except that there is no necessity to posture the patient in the " sitting " position used in pelvimetry, the principles of the methods employed by different workers for radiologically assessing the diameters of the fcetal skull are very much the same as those used in pelvimetry. Either the false centimetre grid of Thoms, or the false centimetre scale of Rowden, or the geometric principle of Roberts may be employed. The difficulty is that, whilst, in pelvimetry, the pelvic brim is in a standard relation to the film, the diameters of the skull are often far from easy to orientiate with any degree of precision. In the case, for instance, of the occipito-frontal diameter, which is the one commonly measured, the degree of obliquity of this diameter to the film may be such that grave possibilities of error may arise in any attempt to assess its true measurement from its film representation. If it lies transversely, and therefore parallel to the film, with the patient in the supine position, its measurement can be accurately performed. If it lies obliquely it may be difficult to make the correct allowance for the tilt, and the result will be considerably less reliable.
Distortion due to obliquity of those diameters which are included in Dr. Reece's "greatest circular section," however, will not be nearly so great as in the case of the occipito-frontal diameter. Dr. Reece is to be congratulated on his appreciation of this fact, and on the application he has made of it in his method of deducing the measurement of the bi-parietal diameter from that shown on the film. I have always felt that except in certain favourable positions of the fcetal skull the radiological mensuration of the occipito-frontal diameter do not reach the same degree of precision as the measurements of the pelvic brim. Dr. Reece's paper has introduced a further cephalometric method which should be of more universal application than those previously described. One must, however, remember that whilst in the average skull the various diameters may bear a definite relationship to each other, variations may occur in any individual case.
Concerning the clinical application of the results of radiological pelvimetry and cephalometry, there must be a considerable diversity of opinion. Pelvimetry alone is often of little value unless accompanied by cephalometry. The finding of normal brim measurements does not necessarily ensure a normal delivery, for just as much difficulty may be experienced in the passage of a large child through a normally-sized pelvis as of a normally sized child through a contracted pelvis. The demonstration of a contracted pelvis by radiological methods would of course serve to sound the desired note of warning, but the demonstration of a normal pelvis should be accompanied by the demonstration of a normal or small skull if it was to be of full value. Even where disproportion was shown by radiological methods to exist, unknown factors such as the strength of the uterine contractions, the degree of skull moulding, etc., which might occur, could not be foreseen. All the radiologist can do is to supply the obstetrician with information, which can be regarded as reliable, regarding the size of the pelvis and of the feetal skull; it is then obviously the duty of the obstetrician to make what use he can of the information supplied.
A consideration of pelvimetry would be incomplete without reference to the measurement of the pelvic outlet. As a rule this is readily measurable by clinical methods. In cases of doubt or difficulty, however, it is a matter of ease to estimate radiologically the transverse diameter of the pelvic outlet by the method of Chassard and Lapine, or the anteroposterior diameters by application of the principles employed in measuring the brim by Thoms, Rowden, or Roberts.
It should also be mentioned that a lateral radiographic view of the pelvis is often of value in demonstrating the general shape of the pelvis, with special reference of course to the posterior surface of the symphysis pubis and the anterior surface of the sacrum.
A set of three radiographs, prone, supine, and lateral, would often give an indication as to the presence or absence of disproportion without recourse to pelvimetry and cephalometry.
With regard to the estimation of the period of gestation of the foetus by radiological methods one may say emphatically that when a discrepancy is found to exist between the period of amenorrhcea and the size of the uterus, and the period of gestation is in doubt, valuable information may be obtained from a radiological examination.
Not only can the presence of multiple pregnancy, foetal abnormalities, etc. be sometimes dramatically demonstrated, as being the cause of hydramnios, but a consideration of the normal foetal shadow (preferably with the patient in the prone position), especially if combined with foetal cephalometry, will, in the majority of cases, give information as to the period of gestation which is considerably more reliable than that available from clinical methods.
In regard to cephalometry alone, one must, however, introduce a word of caution. In estimation of the fcetal maturity from cephalometric measurements alone, the assumption has to be made that the fcetal head is of the average size for its age. In the majority of cases this assumption is justifiable, but in any particular case one must bear in mind the possibility of a variation from normal in one or other direction. However, from experience one can say that where any element of doubt as to the stage of maturity exists, the radiological estimate can, in most cases, be relied on within a week in either direction. This is well borne out by Dr. Reece's experience, based on cephalometric estimation of the bi-parietal diameter alone. If in favourable cases direct measurement by means of X-rays of the occipitofrontal and other diameters is made, and the general size and stage of development of the foetal parts are also considered, even a greater degree of exactitude should be possible in future.
Dr. L. A. ROWDEN said that he would confine his remarks more particularly to pelvimetry. The method which he would demonstrate did not require any mathematical tables or formule, nor did it require calipers, measurements, or manipulations. He insisted on a tube-film-distance of at least 4 ft. 6 in.; one of 6 ft. would be better still, if reasonable accuracy were to be obtained. The accompanying illustration (see fig. 1 ) showed the position of the patient and the tube. The patient sat comfortably on the Potter-Bucky, preferably of the " Sectogrid " type, with her back resting on a bed-rest at an angle of 57 degrees to the horizontal plane. In this position the plane of the pelvis would, in ordinary cases, be practically horizontal, as proved by the ascending and descending rami of the pubic bones being superimposed, and the obturator foramina being invisible in the picture. The tube was centred beforehand.
To obtain a clear view of the whole of the pelvic brim it was essential that the anterior portion of the abdomen should be shaded off from the rays so that it would get ofily one-third-or less, according to the stage of pregnancy-of the exposure of the posterior portion. He advocated that all women should have the pelvic-brim measurements taken in the early months of pregnancy. It only had to be done once in a lifetime. Whenever considered necessary, the presentation, position, and size of the foetal head should be ascertained a fortnight before full-term. 9 He also thought that this position was the best for determining the relative measureinents of the head to the brim. The size of the head would be slightly exaggerated, but this could be easily allowed for. co The actual measurements were read off from a series of scales kept in stock, the appropriate one being attached to the picture (see fig. 2 ). The small dots on these scales represented half-inches at different planes above the Potter-Bucky surface from 41 to 5-in. at quarter-inch intervals, the former being the lowest and the latter the highest he had come across (see illustration). It was not really necessary to measure this " pubic distance " from the surface to the top of the symphysis pubis, as it varied with the height of the patient. For example, if the patient was 5 ft. 6 in. in height, the scale representing a pubic distance of five-and-a-quarter could be chosen and the error would, in the pelvic brim measurements, not be more than a very small fraction of an inch.
[Dr. Rowden showed by an experimental brim that the tilting of the pelvis up to ten degrees from the horizontal had practically no influence on the measurements and could be easily allowed for.] Dr. JAMES YOUNG said that in regard to radiography, it would almost seem that, as often happened in modern life, science was advancing more rapidly than practice. The evidence that had been presented strongly suggested that from radiographic methods a considerable amount of accurate information could be obtained in regard to the pelvis and the fcet al head, the importance of which the obstetrician was in many cases failing to recognize. He had been particularly impressed by the demonstration of Dr. Reece, and he hoped at a n early date to have an opportunity of carrying out investigations along these lines at the British Post-Graduate School.
Dr. REECE (in reply to Dr. Roberts' and Dr. Rowden's criticism of the simple method of pelvimetry described) said that while he agreed without question as to the obviously greater merits of their exact methods, yet he thought it a counsel of perfection to ins ist that small hospitals should scrap their low-powered sets or give up the idea of pelvimetry. He hoped that his paper had made it clear that a cottage-hospital set could be of great clinical value until a more powerful set could be obtained. He wished again to stress his view that post-maturity should not be allowed, and that only by cephalometry could scientific control of the duration of pregnancy be made possible.
